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Objective: The authors’ objective was to compare the urinary cortisol excretion of Holo-
caust survivors with posttraumatic stress disorder (PTSD) (N=22) to that of Holocaust survi-
vors without PTSD (N=25) and comparison ‘subjects not exposed to the Holocaust (N=135).
Method: Twenty-four-hour urine samples were collected, and the following day, subjects were
evaluated for the presence and severity of past and current PTSD and other psychiatric con-
ditions. Results: Holocaust survivors with PTSD showed significantly lower mean 24-hour
urinary cortisol excretion than the two groups of subjects without PTSD. Multiple correlation
analysis revealed a significant relationship between cortisol levels and severity of PTSD that
was due to a substantial association with scores on the avoidance subscale. Conclusions: The
present findings replicate the authors’ previous observation of low urinary cortisol excretion
in combat veterans with PTSD and extend these findings to a non-treatment-seeking civilian
group. The results also demonstrate that low cortisol levels are associated with PTSD symp-
toms of a clinically significant nature, rather than occurring as a result of exposure to trauma
per se, and that low cortisol levels may persist for decades following exposure to trauma among

individuals with chronic PTSD.
(Am J Psychiatry 1995; 152:982-986)

‘x ] e have previously demonstrated that combat

veterans with posttraumatic stress disorder
(PTSD) have significantly lower mean 24-hour urinary
cortisol excretion (1-3), lower mean basal plasma cor-
tisol levels at several times during the circadian cycle
(4), and greater numbers of lymphocyte cytosolic glu-
cocorticoid receptors than nonpsychiatric normal sub-
jects and depressed patients (3, §). In addition, veterans
with PTSD show hypersuppression of cortisol in re-
sponse to low doses of dexamethasone (5, 6). We have
hypothesized that these changes are consistent with the
idea of an enhanced negative feedback regulation of
cortisol in PTSD (5-8). As such, these alterations in
PTSD may reflect a type of adaptation that is different
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from the more traditionally described “desensitization”
or dysregulation, in which the hypothalamic-pituitary-
adrenal (HPA) axis becomes more sensitized after expo-
sure to trauma (4).

Despite the internal consistency of the HPA axis al-
terations in combat veterans with PTSD, several ques-
tions remain concerning the long-term course and gen-
eralizability of the previously cited findings to other
groups of trauma survivors with PTSD, particularly to
non-treatment-seeking civilians and women who suffer
from PTSD. Further points that require clarification
concern the nature of HPA axis abnormalities in indi-
viduals who are exposed to similar trauma but who do
not meet the diagnostic criteria for PTSD. To address
these issues in the present study, we examined 24-hour
urinary cortisol excretion in male and female Holocaust
survivors with and without PTSD and in a demographi-
cally matched comparison group. To our knowledge,
the present study represents the first neurobiological
study of Holocaust survivors.

METHOD

The study group consisted of 47 individuals between the ages of 56
and 75 years of age who had been interned in Nazi concentration
camps and 15 individuals (10 American-born and five European-
born) who were comparable in age. sex, height. weight, race, religion,
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TABLE 1. Clinical Characteristics of Holocaust Survivors and Comparison Subjects

Holocaust Survivors?

Pairwise Comparisons

Without Comparison
With PTSD PTSD (B) Subjects (C) A Versus B A Versus C B Versus C
(A) (N=22) (N=25) (N=15) (df=45) (df=35) (df=38)
Characteristic Mean SD Mean SD Mean SD t p t p t p
Cortisol level (ng/day) 326 170 627 253 519 237 494 0.001 3.1z 0.002 1.33 n.s.
Civilian Mississippi PTSD
Scale score 105.1 192  80.9 189 654 123 429 0.001 6.66  0.0001 2.67 0.01
Clinician-Administered PTSD
Scale score
Intrusive subscale 14.4 5.4 10.7 7.3 - — 1.96 0.06
Avoidance subscale 20.4 5.2 6.8 52 — — 8.87  0.0001
Hyperarousal subscale 20.4 9.9 9.2 7.7 — — 432 0.0003
Total 551 153 26.8 17.0 — — 5.96 0.0001

aDiagnostic groupings of Holocaust survivors were made with the Clinician-Administered PTSD Scale and were based on DSM-III-R criteria.

and income but who had not undergone the trauma of the Holocaust.
Subjects were randomly selected from publicly available lists of Holo-
caust survivors provided by the local historical society and local syna-
gogue membership rosters and were invited through a mailing to par-
ticipate in studies exploring the biological basis of survival and
adapration. Comparison subjects were also recruited from the Jewish
community by advertising in the local synagogue and community cen-
ter. Subjects who agreed to participate provided written informed
consent and then received a complete medical health assessment with
the OARS checklist (9). Medical information on all subjects was care-
fully reviewed by a physician (E.L.G.), and patients with major medi-
cal conditions were excluded from the study, as were patients who
had used benzodiazepines, antidepressants, lithium, B blockers, and
psychotropic medication within 2 months of the study.

The Civilian Mississippi PTSD Scale was administered to all sub-
jects to determine the global effect of stressful events on individuals’
lives (10). Current and past psychiatric disorder was evaluated by
using the Structured Clinical Interview for DSM-III-R (SCID) (11)
for all subjects. The presence and severity of current and past PTSD
were determined by using the Clinician-Administered PTSD Scale
(12). This scale was administered to all Holocaust survivors and to
comparison subjects who had undergone a past traumatic event ac-
cording to DSM-III-R criterion A for the diagnosis of PTSD. On the
basis of the results of the diagnostic assessment, the survivor group
was further subdivided into those with (N=22) and those without
(N=25) PTSD. Subjects who met the criteria for any primary axis I
disorder other than PTSD were excluded from this study. Normal
comparison subjects who met the criteria for any current or lifetime
primary axis [ psychiatric disorder, including PTSD, were also ex-
cluded. Data from 19 of the 62 subjects have been previously re-
ported by Yehuda et al. (13).

Urine was collected beginning at 9:00 a.m. in exact 24-hour por-
tions in 2-liter polyethylene bottles kept in freezers in the subjects’
residences in order to ensure stability of cortisol and to avoid the
possibility of falsely high urinary-free cortisol values in urine samples
collected in acid. Collections were scheduled to occur on days when
subjects planned to be at home for the 24-hour period. Clinical as-
sessments took place following the completion of the 24-hour collec-
tion. Urinary-free cortisol levels were determined by using an extrac-
tion procedure and radioimmunoassay kit from Clinical Assays, Inc.
(Cambridge, Mass.) (interassay coefficient of variation=4.0%).

We used t tests to compare pairs of the three groups—survivors
with PTSD, survivors without PTSD (as determined by the Clinician-
Administered PTSD Scale), and demographically matched individuals
who were not exposed to the Holocaust—on cortisol levels and scores
on the Civilian Mississippi PTSD Scale. The effects and interaction of
gender and group on cortisol were assessed by using two-way analysis
of variance (ANOVA). Pearson correlations were used to assess the
association between cortisol levels and scores on the Civilian Missis-
sippi PTSD Scale for the entire cohort, and scores on the Clinician-
Administered PTSD Scale (total and subscales) for the Holocaust sur-
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vivors. Multiple correlation was used to assess the association be-
tween cortisol levels and scores on the Clinician-Administered PTSD
Scale subscales (Holocaust survivors only).

RESULTS

Group means and standard deviations for cortisol
and clinical variables are presented in table 1. Pairwise
t tests showed that survivors with PTSD had signifi-
cantly lower cortisol levels than survivors without
PTSD and comparison subjects. Cortisol excretion in
the last two groups did not differ significantly. Two-
way ANOVAs revealed no significant cortisol differ-
ences by gender (N=28 men and 34 women) (F=0.56,
df=1, 56) or Group by Gender interactions (F=1.01, df=
2, 56). The individual cortisol values are plotted in fig-
ure 1. Eleven of the 25 Holocaust survivors who did
not meet diagnostic criteria for current PTSD met the
criteria for past PTSD. No group differences in cortisol
excretion were present between survivors without cur-
rent PTSD and with or without past PTSD (past PTSD:
mean=58.7 pg/day, SD=19.4; no past PTSD: mean=67.8,
SD=31.6).

Pairwise t tests revealed that the survivor group with
current PTSD had significantly higher scores on the Ci-
vilian Mississippi PTSD Scale than both other groups.
Scores on this scale for the survivor group without
PTSD were also significantly higher than those of the
comparison group (table 1). Consistent with the criteria
for PTSD, Holocaust survivors with PTSD endorsed a
significantly greater severity of PTSD symptoms, as as-
sessed by the Clinician-Administered PTSD Scale (i.e.,
intrusive, avoidance and hyperarousal subscales), than
Holocaust survivors without PTSD. It should be noted
that many of the survivors without PTSD also had sub-
stantial symptoms even though they did not meet full
DSM-III-R criteria for the disorder. Thirty-five percent
of survivors who did not meet criteria for PTSD had
total scores on the Clinician-Administered PTSD Scale
that were as high as those of at least some survivors in
the PTSD group, and 85% of survivors with PTSD had
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FIGURE 1. Mean 24-Hour Urinary Cortisol Excretion in Holocaust
Survivors With (N=22) and Without (N=25) PTSD and Comparison
Subjects (N=15)
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total scores on the scale that were as low as those of
some individuals in the non-PTSD group.

Table 2 summarizes correlational analyses relating
cortisol excretion to clinical symptoms. Simple correla-
tion with the entire cohort failed to demonstrate a sig-
nificant association with Civilian Mississippi PTSD
Scale scores, which are thought to reflect not only the
severity of PTSD, but the effect of PTSD on the individ-
ual’s life. When Holocaust survivors were examined
separately, there was still no significant relationship be-
tween cortisol levels and Civilian Mississippi PTSD
Scale scores. There was, however, a trend for an asso-
ciation with total scores on the Clinician-Administered
PTSD Scale; the trend was due to the substantial asso-
ciation with scores on the avoidance subscale. When all
three subscales of the Clinician-Administered PTSD
Scale were employed in a multiple correlation, the result
was significant and was due only to the avoidance sub-
scale (t for beta=3.54, df=41, p=0.001).

DISCUSSION

The main finding in the present study is that Holo-
caust survivors with chronic PTSD had significantly
lower urinary cortisol excretion than individuals who
were not exposed to the Holocaust and who did not
meet criteria for current or past PTSD as a result of any
other traumatic event. This observation agrees with our
previous finding of lower urinary cortisol excretion in
combat veterans with chronic PTSD than in a noncom-
bat comparison group (2). In addition, the present re-
sults extend those findings by demonstrating that Holo-
caust survivors with PTSD have significantly lower
cortisol levels than Holocaust survivors without PTSD,
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TABLE 2. Correlations and Muitiple Correlation of Cortisol Levels
with Clinical Variables for 46 Holocaust Survivors and 13 Compari-
son Subjects?

Correla
Clinical Variable N tion df p
All subjects: Civilian Missis-
sippi PTSD Scale 59 -0.16 58 n.s.
Holocaust survivors only
Civilian Mississippi PTSD
Scale 46 -0.14 44 n.s.
Clinician-Administered
PTSD Scale
Total 47  -0.29 45 0.08
Intrusive subscale 47  -0.09 45 n.s.
Avoidance subscale 47  -0.49 45 0.000S
Hyperarousal subscale 47  -0.40 45 n.s.
Three Clinician-Administered
PTSD Scale subscales 47 0.53> 3,43 0.003

3One Holocaust survivor and two comparison subjects did not have
completed clinical data sets and were eliminated from correlational
analyses.

bMultiple correlation.

while the latter have cortisol levels that do not signifi-
cantly differ from those of the group not exposed to the
Holocaust.

Cortisol levels among Holocaust survivors without
PTSD were measured to determine whether differences
in the excretion of this hormone were related to the
presence of PTSD or, rather, were associated with hav-
ing experienced a traumatic event. Consistent with a
previous study (6), the Holocaust survivors without
PTSD in the present study were significantly more
symptomatic than the comparison group on measures
of symptom severity. Nonetheless, Holocaust survivors
without PTSD were not significantly different from the
comparison group in regard to the mean 24-hour uri-
nary excretion of cortisol. Furthermore, when the sur-
vivor group without PTSD was divided into those who
met or did not meet criteria for past PTSD, no signifi-
cant differences were observed. Although it is impossi-
ble to know whether the cortisol levels of the Holocaust
survivors without PTSD were low at the time they met
the criteria for PTSD, it can safely be concluded that
exposure to trauma per se is not associated with long-
term cortisol abnormalities. Rather, neurobiological al-
terations in cortisol release are associated with current
symptoms of a clinically significant nature.

When the survivor group was considered as a whole
(i.e., those with and those without PTSD), multiple cor-
relation revealed that cortisol excretion was associated
with severity of trauma-related symptoms, as reflected
by scores on the Clinician-Administered PTSD Scale. In
particular, severity of avoidance symptoms predicted
cortisol levels, whereas intrusive and hyperarousal
scores did not correlate with cortisol levels in this
group. Although there was no a priori hypothesis for
the specific association between cortisol levels and
avoidance symptoms, it may be that avoidance is par-
ticularly common among subjects with PTSD who do
not seek treatment and therefore especially reflects
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PTSD in this group. Indeed, survivors with PTSD had a
mean avoidance score that was 300% higher than that
of survivors without PTSD.

In evaluating specific differences between the present
results and previous studies of war veterans, it is impor-
tant to note that although Holocaust survivors and
combat veterans share many similarities in having been
exposed to chronic and severe stress and in developing
PTSD symptoms, these groups differ substantially on
several important variables such as length of time since
the original trauma (i.e., 25 versus 50 years) and the
potential duration of PTSD symptoms. The present
findings suggest that low cortisol levels are a persistent
feature of PTSD that can be present even 50 years after
a traumatic event. Consequently, this study provides
preliminary data concerning longitudinal aspects of
biological alterations in PTSD.

Given the age of the subjects in this study, it is impor-
tant to consider the extent to which the present cortisol
findings may have been confounded by the process of
aging. Although there is now evidence for both de-
creases (13-15) and increases (16, 17) in cortisol levels
with age, the majority of studies to date have shown no
differences in plasma or urinary cortisol levels in elderly
and younger subjects (18-26). A lower concentration of
cortisol metabolites, apparently reflecting a lower rate
of cortisol clearance from circulation, has been noted;
however, in those studies there were no changes in the
production or concentration of corticosteroids (18, 19,
24). Most studies that have examined the negative feed-
back sensitivity in elderly humans have shown normal
responses of the adrenocortical axis to dexamethasone
(22, 23, 26-28). Moreover, the responsiveness of the
adrenal glands to ACTH infusion (18) and insulin (16)
appears to be normal in the elderly. It should also be
noted that the mean cortisol excretion for the PTSD and
comparison groups in the current study was compara-
ble to what we have previously reported for subjects
with a mean age of approximately 40 years (2, 3).
Therefore, it seems unlikely that the present results
were influenced by the process of aging.

The present findings also represent the first reports of
HPA axis abnormalities in woman with chronic PTSD.
Given that the majority of biological studies have used
male combat veterans, information about neuroendo-
crine abnormalities in women has been lacking. The pres-
ent results failed to indicate gender differences in cortisol
levels. However, the women studied were all meno-
pausal. Therefore, gender-related differences should be
evaluated in younger women before definitive conclu-
sions can be made regarding the influence of gender on
HPA axis measures in PTSD.

Other differences between survivors studied in the
present report and previously studied war veterans are
treatment-seeking status, past and current psychiatric
comorbidity, and past and current substance depend-
ence. Indeed, the present study provides one of the first
demonstrations of neuroendocrine differences in a non-
treatment-seeking group with chronic PTSD that is free
of confounding factors such as psychiatric comorbidity,
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particularly major depression and substance abuse, and
difficulties in social and occupational functioning. De-
spite these important differences, the mean urinary cor-
tisol excretion in the current group of Holocaust survi-
vors with PTSD is comparable to what we have
previously reported for treatment-seeking combat vet-
erans (1-3). Therefore, it can be concluded that the
marked differences in the previously mentioned vari-
ables between Holocaust survivors and combat veter-
ans with PTSD are not relevant to the mean 24-hour
urinary excretion of cortisol. Rather, low cortisol levels
appear to reflect the presence of a current and chronic
posttraumatic stress syndrome.
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